





4-K 80C552 
Flash Board 


Inexpensive, multifunctional and in-circuit programmable 





Design by L. Hamers 


This microcontroller board is a standard 805 I| -based system, with a few 
extras that make it suitable for use as a development system or control 
module for a larger system. Its most important features in this regard are 
on-board Flash memory programming via the serial RS232 port, direct 
on-board program debugging and low cost. 


Features 


— 80C552 microcontroller clocked 
at 11.0592 MHz 


— 64 KB Flash ROM, 32 KB RAM 

— in-circuit programmable 
(max 64 KB) 

— compatible with the MSCI210 
source code debugger for in-cir- 
cuit debugging 


— address logic fully implemented 
in GAL 


— nine chip-select signals for exter- 
nal devices connected to the 
data bus 


— eight 10-bit A/D inputs or eight 
digital inputs 


— eleven free I/O pins 


— [2C bus 


— watchdog timer, battery voltage 
ty. monitor, RAM backup battery 
O IS NE - true RS232 interface (MAX232) 


EAEE E COPE eee EEPE! 


— two 36-way pin headers (2.54 





mm) for all connections 
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Figure |. Flash ROM configuration in 


normal mode. 
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Figure 2. Flash ROM configuration in 
debugging mode. 
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Figure 3. The third mode is used to 
program the Flash ROM. 
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A variety of microcontroller boards 
based on 8051 successors have 
already been published in Elektor 
Electronics, but this one has several 
features that clearly distinguish it 
from the rest. Read on to learn the 
details! 


Operating principle 


Normally speaking, with a microcon- 
troller the program is read from the 
ROM, while the RAM is used to store 
variables and data. However, during 
software development it is handy to 
also have the program in RAM, since 
this allows it to be easily and quickly 
modified. For programming the Flash 
memory, it is also necessary to have 
the program in RAM, since is it not 
possible to program a Flash ROM 
and execute a program from it at the 
same time. It is thus necessary to 
have a mechanism for switching 
back and forth among various oper- 
ating modes. The following modes 
are possible: 

— debugging 

— Flash programming 

— normal 


The 80C552 microcontroller can only 
address 64 KB of the Flash memory, 
since it has only 16 address lines. In 
debugging mode, part of the Flash 
memory must be used for the moni- 
tor program, which reduces the 
amount of memory available for the 
application program in normal mode. 
As the 29F010 Flash ROM has a 
capacity of 128 KB, half of it is not 
being used. However, with a bit of 
clever circuit design we can use the 
A16 address pin to switch between 
the two halves of the Flash ROM 
under control of a port line, which 
we call Debug/Run (or D/R for short). 


Normal mode (Figure 1) 
This mode is used after program 
development has been completed 
and the board is built into a stand- 
alone system. In normal mode, the 
Flash ROM is used as program mem- 
ory over the entire memory address 
range of 0000 to FFFF (64 KB). The 
D/R (Debug/Run) line is set to ‘0’ in 
this mode, which means that A16 of 
the Flash ROM is also set to ‘0’. 

The program for the normal mode 
is located in the lower half of the 
Flash ROM in the address range 


between 00000 and OFFFF (here an extra 
digit is used compared with normal 
addresses because the ROM is twice as big 
as the normal 64-K address region). 

For data memory, there are 32 KB of SRAM 
in the address range from 8000 to FFFF. Mem- 
ory-mapped I/O devices can be connected in 
the lower, unused portion of the data mem- 
ory address range (0000 to 7FFF). A total of 
nine chip-select signals are available for this 
purpose: CEO through CE7 for addresses 0000 
through 00070, and CE IO1 for the remainder 
of the region (0008 through 7FFF). 


Debugging mode (Figure 1) 

The software provided with the MSC1210 
development platform recently described in 
Elektor Electronics includes a source-level 
debugger called SLD51. This debugger lets 
you to copy a program to the board via the 
serial port and then the run the program, stop 
it, allow it to run one step at a time, and 
examine variables. It is also possible to set 
breakpoints, which cause the program to stop 
at certain points so you can look for problems. 

In debugging mode, the Flash address 
range from 10000 to 17FFF is mapped onto 
the range 0000 through 7FFF for the micro- 
controller. This part of the Flash memory con- 
tains a combined operating system and mon- 
itor program called OS552. As the port lines 
of the microcontroller are set to ‘1’ following 
a reset, the monitor program is started at 
Flash address 10000 after a reset. The upper 
32 KB of the Flash memory cannot be used, 
since the RAM is addressed as both program 
and data memory in this range. 

This is necessary for two reasons. First, it 
allows a given program to be tested in mem- 
ory (RAM) using the monitor program, and 
second, it makes it possible to run this pro- 
gram. Memory-mapped I/O is located in the 
same region as in normal mode, so it can also 
be tested during debugging. 


Programming mode (Figure 3) 

The third mode is used to program the Flash 
ROM. As it is not possible to erase and repro- 
gram the Flash ROM while the program 
intended to control this process is being exe- 
cuted from the Flash memory, it is necessary 
to make certain changes to the memory 
organisation. Here the RAM is used as pro- 
gram memory, and the Flash memory is used 
as data memory (which means it can be writ- 
ten). The chip-select signals for memory- 
mapped I/O are disabled in order to avoid 
undesirable effects on external circuits. 

The firmware for programming the Flash 
memory must be written to RAM in 
advance. The PC program FlashMon does 
this automatically. 
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Figure 4. The full schematic diagram of the microcontroller board. 


The circuit 


Processor and memory 
Figure 4 shows the complete schematic dia- 
gram of the microcontroller board. The vari- 
ous elements that make up the circuit can be 
quite easily recognised. 

The microcontroller is a Philips 80C552 
(IC4). Its most important added features com- 
pared with a standard 8051 microcontroller 
an I2C interface, an 8-channel 10-bit A/D con- 
verter, and an extra I/O port. As usual, the 
lower eight bits of the address bus are multi- 
plexed, and they are separated from the AD 
signals by IC3. 

A 32-KB RAM (IC8) and a 128-KB Flash 
ROM (IC5) are connected to the address bus. 
Only 96 KB of the Flash ROM is actually used. 
The central address decoder is a 16V8 GAL 
(IC6), which generates the control signals for 
both memory ICs and the memory-mapped 
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I/O. The PSEN and RD lines are used 
to generate output-enable signals in 
the address regions where these sig- 
nals are necessary. 


GAL 

The GAL is the central element for 
switching between the various oper- 
ating modes of the system. Several 
processor signals are applied to its 
inputs, including PGM (which 
causes the GAL to switch to the pro- 
gramming mode when it is ‘0’) and 
D/R (‘0’: normal run mode; ‘1’: 
debugging mode). The GAL outputs 
control the memory ICs and the chip- 
enable signals for memory-mapped 
I/O. The GAL programming descrip- 
tion is as follows: 


/OE = /PSEN*/RD 
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/CE_RAM = /A15+/PRG*/PSEN 
+/WR*/RD*/D_R*PRG 
+D_R*/RD*/WR*/PSEN 

/CE_ROM = PRG*/PSEN 
+/WR*/RD*/PRG+D_R*A15*PRG 

/CE_I00 = 
/(/A11*/A12*/A13*/A14*/A15* 
PRG*/PSEN) 

/CE_IO1 = A15+CE_I00+/PRG+PSEN 

A16 = DR 


The file upboard.pds (available on 
diskette or the Elektor Electronics 
website under order number 030042- 
11) can be read using the program 
Palasm, which is available on the 
Internet as freeware. However, if the 
GAL programming does not require 
any modifications, it can be pro- 
grammed directly using the JEDEC 
file upboard.jed. 
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I/O 

All signals necessary for connecting exter- 
nal hardware are fed out via headers K1 and 
K2. Besides the full data and address buses, 
they include several chip-select signals that 
can be used to directly drive external mem- 
ory-mapped I/O devices. Signals CEO 
through CE7, which correspond to addresses 
0000 through 0007, are output via address 
decoder IC7. 

If even more control signals are needed, 
the CE IO1 signal can be used to handle the 
remainder of the I/O range (from 0008 to 
7FFF). Ifa MOVX command is executed in 
this region, the CE IO1 signal goes to ‘0’. 

The 5-V signals from the serial port of the 
microcontroller are converted to genuine 
RS232 levels by the MAX232 (IC2), in order to 
allow the circuit to be connected directly toa 
PC. If RXD and TXD are connected as shown 
in the schematic diagram, it is not necessary 
to use a null modem cable; a regular 1:1 ser- 
ial cable can be used instead. 

The 80C552 has a full I2C interface that 
supports the complete standard in both sin- 
gle-master and multi-master modes. Activity 
on the clock line of the bus is indicated by 
LED D1. This line is also used by the monitor 
program to display system status during 
start-up by means of blink codes. 

The A/D inputs (P5.0-P5.7) are connected 
directly to K1. The supply voltage for the 
microcontroller serves as the reference volt- 
age. If this is not sufficiently accurate, resis- 
tors R11 and R12 can be removed and an 
external 5-V reference voltage can be con- 
nected to K1.34 and K1.35. 





030042-1 














Power supply and protection 

A small (70 mA minimum), stabilised 5-VDC 
supply can be used to power the microcon- 
troller board. The circuit is protected against 
an insufficient supply voltage by IC1. This IC 
(a MAX691) has been specially developed for 
such tasks, and it generates a reset pulse 
immediately after power is applied. 

If the voltage on the microcontroller drops 
below 4.5 V, it is placed in the Reset state, the 
RAM is powered from the backup battery (if 
JP1 is fitted) and the RAM is put into standby 
mode. If the voltage drops below 4.6 V, PFO is 
set to ‘0’ (the voltage level can be adjusted 
using R9 and R10; the threshold voltage of the 
PF1 input is 1.3 V). If R13 and R14 are fitted, 
this can be used as an early indication that 
the supply voltage is collapsing. 
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Figure 5. SMD components are used to keep 
the printed circuit board nicely compact. 
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IC1 also includes a watchdog timer, just in 
case the watchdog timer in the 80C552 is not 
sufficiently safe. The watchdog is enabled or 
disabled by soldering R15 or R16 in place. If 
you would like to know more about the 
MAX691, you will find its data sheet at 
Www.maxim-ic.com. 


Circuit board assembly 


The circuit board layout designed for this cir- 
cuit is shown in Figure 5. SMD components 
have been used to keep the circuit board very 
compact. This makes assembling the circuit 
board somewhat more difficult, but with a 
fine soldering tip and a steady hand, you 
should be able to manage it without too 
many difficulties. Incidentally, a bit of desol- 
dering braid works wonders if things occa- 
sionally go wrong. 

First fit all of the resistors to the board. The 
values of SMD resistors are printed on them 
using three or four digits. The final digit 
always indicates how many zeros have to be 
placed after the value. For instance, ‘333’ 
means ‘33’ followed by three zeros, which 
amounts to a resistance of 33 kQ. However, a 
marking of ‘3302’ (‘330’ and two zeros) also 
indicates a value of 33 kQ. 

A variety of options can be selected by fit- 
ting 0-Q resistors, which are used as jumpers. 
(If you find it difficult to obtain such resistors, 
you can also use 1-Q resistors or wire bridges 
instead.) The following settings are the stan- 
dard values, for which the software is config- 
ured: 


Function Fitted Open 
Debug/Run mode RI R2 
Disable watchdog R6 R5 
Programming mode R7 R8 
Reference potential + RII — 
Reference potential — RI2 — 
‘Low voltage’ interrupt — R1I3/RI4 
External watchdog — RI5/RI6 


When software is being developed, it is a nui- 
sance to have to repeatedly reset the watch- 
dog timer (internal or external), and this often 
leads to problems. Besides this, neither of the 
watchdogs is serviced by OS552. This means 
that it is better to not use the watchdog until 
the major portion of the software is finished. 
Resistors R15 and R16 are thus not fitted ini- 
tially. 

Once you have soldered all the resistors, 
you can fit the ceramic capacitors. Be careful 
not to mix up the 33-pF and 100-nF types. 
These SMD capacitors all look the same, 
since no value is printed on them. 

After this, fit the electrolytic capacitors in 
the vicinity of IC2. It hardly needs saying that 
it’s vitally important to observe the correct 
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polarity. For rectangular electrolytics, 
the positive terminal is marked by a 
small + sign or a thick stripe, but 
electrolytics in round packages are 
just the opposite; they have their 
negative terminal on the side 
marked with black paint. No doubt 
the manufacturers did this on pur- 
pose to see whether you're paying 
attention! In any case, it keeps 
things interesting, because elec- 
trolytics fitted the wrong way round 
occasionally tend to explode. 
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Next, solder the SMD ICs to the 
circuit board. Here you also have to 
pay attention to the orientation. Start 
by melting a small amount of solder 
onto a solder pad at the corner of the 
IC. Using tweezers, place the IC on 
the board and use the soldering tip 
to press down the pin above the 
tinned solder pad. Once the IC is 
firmly attached, solder the pin at the 
opposite corner. Now check the posi- 
tioning of the IC, which can be 
altered if necessary by warming the 
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COMPONENTS LIST 


Resistors: 

(all resistors: SMD case shape 
| 208) 

RI,R2,R5-R8,RI1-RI6 = 0Q (see 
text) 

R3, R4 = 3kQ3 

RI = 330 kQ 

RIO = 130kQ 

RI7 = 1kQ 

RI8 = 10kQ 


Capacitors: 

(all capacitors: SMD case shape 
| 208) 

Cl,C2 = 33pF 

C3-C6 = IuF 16V 

C7-C13 = 100nF 


Semiconductors: 

DI = LED, red, 3mm, high- 
efficiency 

TI = BC516 

ICI = MAX69ICWE (SO16 case) 

IC2 = MAX232 (SO16 case) 

IC3 = 74HC573 (SO20 case) 

IC4 = 80C552EFA (PLCC68 case) 

IC5 = 29F010 (32-pin DIP case), 
<120ns, programmed, order 
code 030042-2 | 

IC6 = GAL 16V8D15QP 
programmed, order code 
030042-3 | 

IC7 = 74HC138 (SOI6 case) 

IC8 = 62256 (28-pin DIP case), 
<120 ns 


Miscellaneous: 

XI = 11.0592MHz quartz crystal 

BI = Lithium battery type CR 
2032 with PCB mount holder 

KI,K2 = 36-way SIL pinheader 

K3 = 9-way sub-D socket (female) 
(not on PCB) 

IC sockets for IC4, IC5, IC6, IC8 

JPI = 2-way jumper 

PCB, order code 030042-1 

Disk, project software, order code 
030042-1 I or Free Download 


soldered pin and shifting the IC. 
Once the IC is properly positioned, 
you can solder the remaining pins. 
Allow the IC to cool down after sol- 
dering each pair of pins, so it does 
not become overheated. 

After all of the SMD components 
are in place, you can fit the IC sockets 
and connectors to the board. Make 
sure that the sockets are correctly 
oriented, particularly the PLCC 
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socket. There is usually a ‘flat’ on 
one of the corners. Finish the solder- 
ing work by fitting the transistor, the 
LED, the battery and the crystal. 
Finally, press the four ICs into their 
sockets. Note that before being fit- 
ted, the GAL (IC6) must be pro- 
grammed using the file upboard.jed 
and the Flash ROM (IC5) must be 
programmed using the file 
upboard.hex. If you cannot do this 
yourself, you can order pre-pro- 
grammed versions from Readers Ser- 
vices (order numbers 030042-21 and 
030042-31). 

A fully assembled version of the 
circuit board is shown in Figure 6. 


Testing 
the assembled circuit 


For testing the circuit board, you can 
stick a few loose pins into connector 
K1 for the connections or use a piece 
of perforated prototyping board. 
Mount two pin headers on the proto- 
typing board, each with 36 contacts. 
Connect pins 23 and 24 of K1 to pins 
3 and 2 of a female sub-D connector, 
and connect ground (pin 1 of K1) to 
pin 5, pin 1 to pins 4 and 6, and pin 
7 to pin 8. 

Next, connect the board to a PC 
using a 1:1 serial cable and starta 
terminal emulator program (such as 
HyperTerminal). Configure the serial 
link for 57.6 kbit/s, 8N1, no hand- 
shake. If you now connect a power 
source to the board (5 V at 70 mA 
minimum), the message ‘Hello 
World’ will appear on the screen. 
This will be repeated if you press a 
key. The file upboard.hex pro- 
grammed into the Flash ROM con- 
tains a small application program in 
addition to the monitor. The only 
thing this program does is write 
‘Hello World’ to the outside world. 
Congratulations - you now know 
that your system is alive! 

If the Flash ROM has not been 
programmed, nothing will happen. 
You can’t program the monitor into 
the Flash ROM yourself, because the 
board needs the monitor for pro- 
gramming (what a pity!). 


Software 


The combined monitor and operating 
system program for the board is 
called OS552. It is a slightly modified 


version of OS535, which is used with the 
MSC1210 development platform. This forms 
part of a complete development system 
including a C compiler, a project manager 
with ‘make’ files and a debugger. As OS535 
was developed for a different board with an 
80C535 microcontroller, several small modifi- 
cations are necessary, among other things 
with regard to driving the GAL. 

You can use the board in three different 
manners, assuming you have fitted a Flash 
ROM containing the monitor program: 

1) To program the board, run the program 
FlashMon on your PC. This allows you to pro- 
gram up to 64 KB of the Flash memory. 

2) To debug a program you have written 
yourself, run the program SLD51 on your PC. 
The maximum available memory is 32 KB. 

3) To run a program you have written your- 
self (maximum size 64 KB), first program it 
into the Flash memory and then reset the 
board. You can also run a terminal emulator 
program on the PC, but not FlashMon or 
SLD51. The board will now run your program. 
The monitor program is located above the 64- 
KB boundary in this mode and does not affect 
the operation of the board. 


These operating modes are described in more 
detail below. 


Simulator 

Software can be developed and debugged 
using the program SLD51. To use the board in 
this mode, select the proper COM port under 
Options/Com Settings and set the bit rate to 
57,600. After the board has been switched on, 
it will remain in debug mode. You can use 
File/Open and File/Download to load a pro- 
gram into the RAM, where it can subse- 
quently be run. The program located in direc- 
tory \src\hello debug can be used as an exam- 
ple for this purpose. 


FlashMon 

The program FlashMon from the UC51 devel- 
opment environment can be used to erase the 
Flash ROM on the board and reprogram it. To 
do this, first copy the file flashmon.bix into the 
bin directory of the development environ- 
ment. Then start the FlashMon program. 
Under Options/Com Settings, set the bit rate 
to 57,600 and select the proper COM port. To 
prevent the program in the ROM from start- 
ing, enabled ‘Disable Flash Autostart’ in the 
Toolbox menu. 

When the board is switched on, the start- 
up of the regular program will be intercepted 
and the internal monitor program will be 
started instead. Now you can use 
Toolbox/Clear Flash All to erase the program 
in the Flash ROM (the monitor program will 
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Summary of 8051 microcontroller boards 


Unlike one competitor who appears to be stuck with PICs, Elektor Electronics has already published quite a few development board 


designs for microcontrollers in the 8051 family. Here we briefly describe the most important ones: 





issues. 





64-K 80C552 Flash Board: 


89S8252 Flash Micro Board: 
a simple system for programs up to 8 KB, targeted at both experienced and novice users. Also pro- 
vides the basis for a programming course that explains the basics of microcontroller technology and 
examines several programming languages (assembler, BASIC-52 and the Reads| | C compiler). Pub- 
lished in the December 2001 through June 2002 issues, with an I/O extension in January 2003. 


High-speed Controller Board: 
the DS89C420 is a super-fast 80541 derivative that can be used for processing rates up to 33 MIPS. An 
ideal development system, with 16 KV of Flash program memory and in-circuit programming capabil- 

ity. Described in the June and September 2002 issues. 


XA Development Board: 
with a PC/104 interface for |6-bit microcontrollers, 64 KB of program memory and 64 KB of RAM. 
The XA family was presented as a | 6-bit successor to the 80C32, but it essentially goes much further. 
The XA core is considerably faster than its 8-bit predecessor. Described in the May and June 2003 


MSC1I210 Development Platform: 
a small but powerful board built using SMD technology, which unlike the other boards described here 
is supplied ready-made (no soldering required!). Can handle programs up to 8 KB (8 KB development, 
16 KB max in Flash), but has additional I/O and 24-bit A/D inputs. Includes a free Basic and C develop- 
ment environment. A digital measuring instrument using this board has already been described as an 
application. Published in the July/August through November 2003 issues (‘Precision Measurement Cen- 
tral’ series). 


a classic design for programs up to 32 KB (32 KB development, maximum 64 KB in Flash), with in-circuit-programmable Flash memory 
and 32 KB of RAM. Has eight |0-bit analogue inputs and three sets of 8 free I/O lines. Uses the same development environment software 
as the MSC1I210 development platform (with minor modifications). 


not be erased) and Toolbox/Download to 
Flash to write the new program to the Flash 
ROM. Note that this program must contain the 
instruction LJMP (0x02) at address 0000, since 
otherwise it cannot be started by the monitor 
program. The program located in \src\hello_run, 
which is already included in the standard 
firmware, can be used as an example. 


Monitor operation 

Immediately after starting up, the board 
enters the debugging mode and the OS552 
monitor program sends a command to the PC. 
If a program such as FlashMon is running in 
the PC, the PC sends back a command to the 
board to cause it to remain in the debugging 
mode. 
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Once this has happened, the 
monitor waits for commands from 
the PC, and the LED on the board 
flashes regularly. If no command is 
sent to the board after it is switched 
on, the monitor checks whether a 
LJMP command (with destination 
0x02) is present at address 0000 of 
the Flash ROM. This is how the 
monitor recognises whether a valid 
program is present in the Flash 
Memory. The board then switches to 
the run mode and starts program 
execution at address 0000 in the 
Flash memory. 

(030042-1) 
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Free Downloads 


Project software, including OS552 
(source), ‘Hello’ program (C 
source), Flash552.hex, upboard 
(GAL source and JEDEC files). File 
number: 030042-1 I .zip. 
FlashMon and SLD5 1 (in 

uCs5 |/bin.) are included in 
030060-1 la.zip, see ‘Precision 


Measurement Central’ part 2, Sep- 
tember 2003). 


PCB layout in PDF format. File 
number: 030042- I zip. 


www.elektor- 


electronics.co.uk/dl/di.htm, select 


month of publication 


1/2004 


